We define a new parameter about Laguerre-Gaussian (LG) beams, named Q l p , which is only related to mode indices p and l. This parameter is able to both evaluate and distinguish LG beams. Vortex beam attracts many interests for carrying orbital angular momentum (OAM), i.e., the vortex beam with an azimuthal phase structure exp(ilφ) carries OAM of l per photon [1] . Light beams possessing OAM of l , where l can take any integer value, have a potential ability to carry a large information since the unlimited range of l forms an unbounded Hilbert space [2, 3] . One typical example of vortex beams is high-order Laguerre-Gaussian (LG) mode, which is one of transverse mode solutions for laser cavities. Practical generation of LG modes is always achieved using cylindrical lens mode converter [4] , spiral phase plate [5] or fork hologram [6, 7] . Many applications of beams with OAM have been already demonstrated, from optical tweezers [8] to higher-dimensional quantum information encoding [9] .
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To obtain accurate result of an experiment with LG modes, it would be better to evaluate LG beams first. By now, a standard parameter, M 2 parameter [10] , can make it. The M 2 value is the ratio of the beam parameter product of an actual beam to that of an ideal Gaussian beam at the same wavelength. It can be used to quantify the degree of variation how the actual beam is different from such an ideal beam. The M 2 value can also sort the OAM of LG mode according to M 2 = 2p + l + 1 (p and l are the mode indices). However, credible measurement of the M 2 value need to record many intensity cross-sections along the propagation direction, especially around the waist and far field [11] . So, despite the measurement hardness, M 2 parameter will also be invalid to evaluate the beam's quality or sort its OAM if only a cross-section intensity picture of an LG beam is given. Recently, a new way of making Fourier transform of the cross-section intensity picture can sort the beam's OAM [12] . But this method is not very accurate and cannot give an evaluation of the quality of LG modes. In this letter, we define a new parameter for LG beams which can both evaluate the quality of the LG mode and sort the OAM through only one cross-section intensity picture. The parameter, called Q l p value (p and l are mode indices of LG beams), is firstly proved to be independent to the size or the observation position of the LG beam and only correlated with mode indices p and l. Then, we carry out an experiment to demonstrate the theory. To make a comparison, the M 2 parameter is also measured.
The intensity of LG beams in the x-axis can be given by:
where
2 . Fig.1 shows the relative cross-section intensity of a beam with l = 1 and p = 0. I m is the first maximum value of function I in the positive part of the x-axis and I half is equal to half of the I m . In Fig.1 , x 1 and x 2 are the first two points on the x-axis where the intensity function I reaches I half , and x m is the point of I reaching I m . We define Q l p from the intensity function I:
Let t i equals x i /ω, i ∈ {1, 2, m}. So Q l p can be calculated by Q l p = t 1 /(t 2 − t 1 ). Next, we need to prove that t 1 and t 2 are only associated with mode indices p and l.
The maximum value I m can be obtained from
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And from Eq.(3), it is obvious that t m can be calculated from:
Because the function f l p (t) just depends on mode indices p and l, t m obtained from Eq.(4) is also only related to p and l.
Then, t 1 and t 2 can be calculated from the following equation:
.
Considering that t m and the form of the function f l p (t) are both just associated with mode indices p and l, we can conclude that t 1 and t 2 calculated from Eq. (5) is just related to p and l. Hence, when mode indices p and l of LG beams are given, the Q l p value calculated by
It is obvious that Eq. (5) has no analytical solution. However we can we can numerically solve it. Some of the Q from which we can know that the Q l p value is a strictly increasing function corresponding to l when p is fixed. So, Q l p value of LG beam can be used to evaluate the mode quality and estimate OAM number. Experimentally, we can take just one picture at any distance because the Q l p is independent with z. To measure the OAM of a highorder LG beam, the mode index p of a LG beam can be firstly determined by the radial structure because the intensity cross-section consists of p + 1 concentric rings. After the mode index p of a LG beam is known, we can calculate Q l p of the beam and then the mode index l can be estimated by the one-to-one relationship between the Q l p value and l.
To demonstrate the validity of this method, we experimentally generated some high-order LG beams and measured their Q l p values. In this experiment, computergenerated holograms were used to produce high-order LG modes with l ranging from 1 to 3 and p = 0 (pictures are shown in the middle of Fig.4) . A charge coupled device (CCD) was used to record the cross-section intensity. Particularly worth mentioning is that the CCD camera must respond linearly to the light intensity. A power meter was used to test and verify the linear response of CCD camera to the light intensity in our experiment.
For every mode, we recorded a far-field intensity pattern every 10cm away from the hologram. Then, we found out the center of each circle facula on every photo, and extracted the intensity data in x direction and y direction through the facula center, just as Fig. 4 showing. In addition, the M 2 values of these experimental beams were also measured. The theoretical M 2 values of LG beams scale with their mode indices p and l according to M 2 = 2p + l + 1. 
